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Description 

This invention relates to control circuits for inductive 
electrical loads. The invention is particularly applicable 
to a drive for a switched reluctance motor which derives 
uni-directional current pulsesfrom an alternating current 
supply. 

A typical control circuit for an inductive electrical 
load, such as an electric motor drive,could draw from a 
single-phase mains supply, making use of a diode 
bridge rectifier and a smoothing capacitor to derive a 
direct voltage. Capacitively smoothed rectifiers are well 
known for their high harmonic content, both in relative 
amplitude and the extent of the harmonics, of the current 
drawn from the mains supply. 

The switched reluctance motor is operable with uni- 
directional, but pulsating, winding currents which are 
controlled by a power converter which uses semi-con- 
ductor switches in known controls. The currents contin- 
ue to flow through diodes in the conventional converter 
after a switch has ceased to conduct. When a winding 
current is carried solely by the diodes at least a propor- 
tion of the energy in the winding is returned to a smooth- 
ing capacitor. The smoothing capacitor serves two main 
purposes: firstly to accept the energy returned from the 
motor windings and secondly to provide a relatively 
smooth direct voltage supply, derived from the single- 
phase alternating current mains supply, for the power 
converter circuit which provides and controls the pulsat- 
ing current supplied to the motor windings. 

Legislation is being introduced which is designed to 
set limits on the amplitudes of the currents drawn at oth- 
er than the fundamental frequency of the supply. This 
restricts the power which can be taken from the main 
supply by a capacitively smoothed diode bridge rectifier 
arrangement. When the converter power rating is likely 
to exceed the set limit, additional components are re- 
quired in the converter circuitry between the mains sup- 
ply and the smoothing capacitor in order to keep the am- 
plitudes of currents, at frequencies above the funda- 
mental frequency, within any limits laid down. 

According to this invention there is provided a uni- 
directional current control system as claimed in claim 1 
and a method of suppressing harmonics in the control 
of an inductive load as claimed in claim 12. 

The invention may be considered as a modified 
boost converter applied to the control of inductive loads. 

The invention provides a system for enabling the 
input current to be controlled to track a desired wave- 
form, for suppressing harmonics generated by the 
switching action. 

The desired waveform might conveniently be sinu- 
soidal or substantially so. For example, the means for 
sensing deviation may include a comparator having an 
input in the form of the desired waveform, an input of, 
or derived from, the ac supply current, and an output of 
the deviation between the two. The deviation is used to 
actuate the voltage booster preferably substantially to 



suppress the harmonic current components in the ac 
supply. 

The actuating means may include a modulator op- 
erable to produce an actuating signal for actuating the 
5 voltage booster. The modulator may be a pulse width 
modulator. 

The voltage booster may comprise a suppressor 
switch and a flyback diode arranged to charge the dc 
link capacitor when the suppressor switch is open cir- 
io cuit. 

In the case of inductive loads, such as switched re- 
luctance motors, in which only a uni-directional current 
is required, it is possible according to the invention to 
minimise the number and/or expense of the additional 
15 components required to enable the converter to reduce 
the amplitude and range of harmonics relative to a fun- 
damental frequency drawn from an alternating current 
supply. 

Some specific embodiments of the invention will 
20 now be described by way of example with reference to 
the accompanying drawings in which : 

Fig. 1 is a circuit diagram of a first embodiment of 
the invention for a single- phase switched reluc- 
ts tance motor; 

Fig. 2 is an idealised wave diagram illustrating the 
relative voltages across components in the circuit 
of Figure 1 ; 

30 

Fig. 3 is a modification of the circuit of Fig. 1 for a 
polyphase motor; 

Fig. 4 is a circuit diagram of a further embodiment 
55 of the invention and a variant thereon; 

Fig. 5 is a waveform diagram associated with the 
embodiment of Fig. 1 , 3 or 4; 

40 Fig. 6 is a schematic diagram of a control function 
circuit for use with the invention;and 

Figs. 7 and 8 are examples of alternative bi-direc- 
tional switches which can be used in the embodi- 
45 ment of Fig. 4. 

The control circuit of Fig. 1 is applicable to a single- 
phase inductive load, such as a switched reluctance 
(SR) motor. The circuit comprises a pair of alternating 
50 current (ac), line and neutral, input terminals L and N 
respectively. The line terminal L is connected via a first 
inductance 1 0a to one ac terminal of a diode bridge rec- 
tifier 11 comprising diodes 11a, 11b, 11c and 1 1 d. The 
phase winding 1 2 of the SR motor is connected between 
55 the emitter of a control transistor 1 4 and the collector of 
a harmonic suppression transistor 16. A smoothing ca- 
pacitor 1 8 is connected between the collector of the con- 
trol transistor 1 4 and the emitter of the suppression tran- 
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sistor 16. A second inductor 10b is connected from the 
positive terminal of the bridge rectifier 1 1 to the collector 
of the suppression transistor 16, adjacent the winding 
1 2. The inductors 1 0a and 1 0b can be used together or 
as alternatives. The negative terminal of the bridge rec- 
tifier is connected with the emitter of the suppression 
transistor 16. It will be apparent to the skilled person 
that, as either or both of the inductors 10a and 10b can 
be used, the purpose is to provide for an inductance at 
the input before the load and load control means. 

Afirst recirculating diode 20 is connected to conduct 
from the collector of the suppression transistor 1 6 to the 
common point between the collector of the control tran- 
sistor 14 and the smoothing capacitor 18. A second re- 
circulating diode 22 is connected to conduct from the 
emitter of the suppression transistor 1 6 to the emitter of 
the control transistor 1 4 adjacent the opposite end of the 
winding 12. 

The suppression transistor 1 6 and the first diode 20 
operate as a booster flyback converter, the switching of 
which is controlled to maintain the voltage across the 
capacitor 18 at a relatively constant level which is sub- 
stantially greater than the peak voltage of the ac supply, 
for example 1 .5 x the peak ac supply voltage. The con- 
duction duty cycle of the suppression transistor 16 is 
modulated during each half cycle of the ac supply to 
avoid the higher harmonic currents drawn from the ac 
supply from exceeding the limits on harmonic emis- 
sions. The suppression transistor 1 6 is pulse width mod- 
ulated at 20-1 00kHz in order for it to be inaudible to the 
human ear. The transistor is, in practice, part of a control 
subcircuit which monitors the capacitor voltage and ad- 
justs the duty cycle of the pulse width modulating (PWM) 
control so that the mains supply current has its harmonic 
current components adequately suppressed, with the 
major component at supply frequency (eg. 50 or 60Hz). 
of course another supply frequency could be used. The 
duty cycle of the PWM will vary according to the load, 
and within each half cycle of the supply voltage. Such 
control subcircuits are known in the art. An example of 
one that could be used is the UC 3854 chip manufac- 
tured by Unitrode Corporation of the USA. 

Whenever the transistors 1 4 and 1 6 are conducting 
together, the voltage across the capacitor 18 is applied 
to the motor winding 12 in a direction to increase the 
winding current. The capacitor 18 is thus partially dis- 
charged, whereas the current in the inductor 10a and/ 
or 10b increases by virtue of the suppression transistor 
16 conducting. 

If, while the control transistor 14 is conducting, the 
suppression transistor 1 6 is turned off, the current in the 
inductor 10a and/or 10b is transferred to the first diode 
20, thus charging the capacitor 1 8 and consequently re- 
ducing the inductor current relatively rapidly. On the oth- 
er hand, the current in the motor winding 12 freewheels 
through the first diode 20 and the control transistor 14 
reducing relatively slowly. The rates of change of the 
currents depend on the values of the currents and on 



the inductances including, in the case of a motor wind- 
ing, the rate of change of inductance (through which the 
currents are flowing) and on the circuit voltages present 
in the circuit loops carrying the currents. In the case of 
5 the inductor 1 0a and/or 1 0b the inductance is small and 
the circuit voltages include the instantaneous mains 
voltage (tending to increase the current) and a large volt- 
age across the capacitor 1 8 (tending to reducing the cur- 
rent). In the case of the SR motor winding, the induct- 
10 ance is larger than that of the inductor 10a and/or 10b 
and the circuit voltage associated with the loop from the 
control transistor 1 4, through the winding 1 2 and the first 
diode 20 is relatively small, arising from small voltages 
associated with the semi-conductor forward drops and 
15 winding resistance. Thus, while the transistor 1 4 is con- 
ducting (whether or not the transistor 16 conducts) the 
average voltage applied to the motor winding 1 2 is pos- 
itive, causing motorflux linking that winding to increase. 
Whenever the transistors 14 and 16 are both non- 
20 conducting together, the current in the inductor 1 0a and/ 
or 10b reduces relatively quickly, partially charging the 
capacitor 1 8. However, the current in the motor winding 
12, if present, flows through the diodes 20 and 22 also 
partially charging the capacitor 18. The motor winding 
25 current decays more quickly than when freewheeling 
conditions apply through one diode and one conducting 
transistor. 

While the transistor 14 is non-conducting (whether 
or not the transistor 16 is conducting) the average volt- 

30 age applied to the motor winding 1 2 is negative causing 
flux linking the winding to decrease. 

The ability to control independently the current in 
the inductor 1 0a and/or 1 0b and the current in the wind- 
ing 1 2 is illustrated with reference to Fig. 2 which, for sim- 

55 plicity of explanation, assumes that the inductor is lim- 
ited solely to the inductor 10a. The voltage wave form 
V-, in Fig. 2 appears across the dc terminals of the bridge 
rectifier 1 1 . It can be assumed, for the sake of simplicity 
of explanation, that the inductor 10a is 'ideal', i.e. it pos- 

40 sesses no resistance. There can consequently be no di- 
rect voltage component appearing across it. Also, since 
the transistor 16 switches at a frequency usually in ex- 
cess of 1 8kHz, the inductance of the inductor 1 0a is rel- 
atively small, and the component of voltage across it at 

45 the frequency of V-| will be very small compared to V-,. 
Thus, the voltage at the frequency of V-, appearing 
across the transistor 16 will closely resemble V-| of Fig- 
ure 2 and this defines the low frequency component of 
potential at the lower end of the motor winding 12. 

50 it will be understood that the potential across the 
transistor 16 switches at high frequency between zero 
when conducting and V 2 when non-conducting. Due to 
the modulation of the duty cycle, the lowfrequency com- 
ponent of this potential closely resembles the wave form 

55 v., in Fig. 2. The potential of the upper end of the winding 
12 takes either of two values, the first being V 2 , when 
the transistor 14 is conducting, and the second being 
zero when the diode 22 conducts. It is thus clear that in 
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Fig. 2 the amplitude of the vertically shaded area is avail- 
able for the application of a voltage to the winding 12 
which will tend to increase winding current, whereas the 
amplitude of the horizontally shaded area is available 
for the application of a reverse polarity winding voltage 
which will reduce winding current. 

From the above it will be apparent that the transistor 
16 can, by manipulation of its switching duty cycle, con- 
trol and modulate the current in the inductor 10a and/or 
10b irrespective of the conducting or non-conducting 
behaviour of the control transistor 14. In conjunction with 
the recirculating diode 20, a charging current can be ap- 
plied to the capacitor 18 whose voltage is maintained 
thereby at somewhat greater than the peak of the ac 
supply voltage irrespective of the switching action of the 
transistor 16. The transistor 14 can, by its conduction, 
increase motor flux and, by its non-conduction, de- 
crease motor flux thereby providing the necessary con- 
trol of the winding current for the switched reluctance 
motor. 

Fig. 3 illustrates a further embodiment of the inven- 
tion which is for a two-phase motor. This embodiment 
of the invention is also applicable to other numbers of 
phases. Each motor winding 12 and 12a has control 
transistors 1 4 and 1 4a and are commonly connected by 
their ends remote from the transistors 1 4 to the suppres- 
sion transistor 16. A pair of second recirculating diodes 
22 and 22a are connected to conduct to the respective 
ends of the windings adjacent the emitters of the control 
transistors 14 and 14a. Each control transistor operates 
independently to control the current pulses in its wind- 
ing. The single suppression transistor 16 operates as 
before to reduce the amplitude and extent of the har- 
monic content of the current drawn from the ac supply. 

Fig. 4 illustrates an alternative circuit according to 
the invention. Line and neutral ac input terminals L and 
N are connected to the ac inputs of a diode bridge 24 
comprising diodes 24a, 24b, 24c and 24d as before. An 
inductor 1 0 is connected between the line terminal L and 
the diodes 24a and 24d. The neutral terminal N is con- 
nected directly between the diodes 24b and 24c. In this 
embodiment the suppression transistor 1 6 is connected 
across the remaining terminals of the bridge so that its 
collector is connected as a common path from the di- 
odes 24a and 24c and its emitter is connected between 
the diodes 24b and 24d. A pair of storage capacitors 
1 8a and 1 8b have a common connection with the neutral 
ac input terminal N at the connection between the di- 
odes 24c and 24b. 

A diode 26 is connected to conduct from between 
the diodes 24a and 24c, i.e. at the connection with the 
collector of the suppression transistor 1 6, to one end of 
the capacitor 18a. Similarly, a diode 28 is connected to 
conduct from the other end of the capacitor 18b to the 
emitter of the transistor 16 between the diodes 24b and 
24d. It will be clear from the dotted line in Fig. 4 that the 
diodes 26 and 28 can alternatively be connected with 
the line voltage between the inductor 10 and the diodes 



24a and 24d. In either position the diodes are exposed 
to substantially the mains supply voltage if the voltage 
drops across the diode bridge are discounted. Again, 
the suppression transistor is shown on its own for the 
5 sake of clarity although, in practice, it may form part of 
a control subcircuit, such as the Unitrode UC 3854 man- 
ufactured by Unitrode Integrated Circuits Corporation of 
New Hampshire, USA. 

A pair of motor windings 12a and 12b, each repre- 
senting a phase, are commonly connected, at one end, 
between the capacitors 1 8a and 1 8b. A control transistor 
14' has its collector connected between the diode 26 
and the positive plate of capacitor 18a and its emitter 
connected with the one end of a first winding 12a. The 
diode 28 is connected to conduct to the common con- 
nection between the diodes 24b and 24d from the neg- 
ative plate of the capacitor 18b. The winding 12A, con- 
nected with the emitter of the control transistor 14', is 
also connected to a first recirculating diode 32 which re- 
turns winding energy to the capacitor 18b. 

A further control transistor 1 4" has its collector con- 
nected with the one end of the winding 1 2b and its emit- 
ter connected with the common connection between the 
diode 28 and the negative plate of capacitor 1 8b. A sec- 
ond recirculating diode 30 is connected to conduct from 
the one end of the winding 12b to the common connec- 
tion between the collector of the transistor 14' and the 
positive plate of capacitor 18a. 

The inductor 10, the diode bridge 24 and the sup- 
pression transistor 16, together with the diode 26, 
whichever position it is in, work as a boost converter to 
charge the capacitor 1 8a to greater than the peak supply 
voltage and to maintain it at this value for the positive 
half cycles of the ac supply when the line terminal volt- 
age is greater than that at the neutral terminal. Also, the 
equivalent boost converter with the diode 28 is arranged 
to charge the capacitor 1 8b to greater than the peak sup- 
ply voltage and to maintain it at this value for the nega- 
tive half cycles of the ac supply when the line terminal 
voltage is less than the neutral terminal voltage. 

The manner in which this is achieved will be de- 
scribed in detail for the positive half cycles of the ac sup- 
ply. The skilled person will be aware that a similar con- 
sideration applies mutatis mutandis, to the negative half 
cycles. 

The transistor 1 6 switches ON and OFF many times 
in each rectified half cycle, the switching frequency be- 
ing typically in the range 20kHz to 200kHz. During each 
ON period the current through the inductor 10, flowing 
towards the diode bridge 24, flows via the diode 24a, 
the transistor 1 6 and the diode 24b to the neutral termi- 
nal N, causing the current in the inductor 10 to increase 
by an increment + dl 10 . When the transistor 16 turns 
OFF, the current in the inductor 10 flows via the diode 
24a the diode 26 and the storage capacitor 18a to the 
neutral terminal N. Since the voltage across the capac- 
itor 18a is greater than the peak voltage across the ac 
terminals, the current in the inductor 10 decreases by a 
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decrement of approximately -dl 10 during which time the 
voltage on the capacitor 18a is charged by a smaller in- 
crement. Whenever the transistor 16 conducts the diode 
26 is reversed biassed and the capacitor receives no 
charge from the diode 26. 

If the diode 26 is connected directly adjacent the 
inductor 1 0, the current path while the transistor 1 6 con- 
ducts is unchanged. However, the current path while the 
transistor is non-conducting includes the inductor 10, 
the diode 26 and the capacitor 1 8a to the neutral termi- 
nal N. 

For the negative half cycles of the supply, when the 
line terminal voltage is less than the neutral terminal 
voltage, the current path while the transistor 16 con- 
ducts is from the neutral terminal N through the diode 
24c, the transistor 1 6, the diode 24d and the inductor 1 0 
to the line terminal L. While the transistor 1 6 is non-con- 
ducting the path for the current is from the neutral ter- 
minal N, through the capacitor 18b, the diode 28, the 
diode 24d and the inductor 10 to the line terminal L. If 
the diode 30 is connected directly adjacent the inductor 
10, the current path when the transistor 16 is non-con- 
ducting is from the neutral terminal N through the ca- 
pacitor 1 8b, the diode 28 and the inductor 1 0 to the line 
terminal L. 

By modulating the duty cycle of the transistor 16 in 
the above embodiments, the increments and decre- 
ments of current in the inductor 1 0 can be made to follow 
the much lower frequency wave form of the supply volt- 
age as shown in Fig. 5. The current increments and dec- 
rements shown in Fig. 5 have relative frequencies, in 
comparison with the frequency of the supply voltage, 
that are greatly reduced from that of practical situation 
for the sake of clarity. 

It will be apparent from the foregoing that the actu- 
ation of the suppression transistor 1 6 to control the cur- 
rent drawn from the supply must be based on a compar- 
ison of the actual current waveform with a desired wave- 
form which, in this case, is the ac input sinusoid V supp | y 
in Figure 5. 

Figure 6 illustrates an arrangement which forms the 
basis of the UC3854 chip mentioned above. Referring 
also to Figure 1 for the purposes of explanation, the volt- 
age V c across the capacitor, or more likely an input in- 
dicative of it, is fed to the inverting input of a comparator 
36. The non-inverting input to the comparator 36 is fed 
with a reference signal V ref that equates to a reference 
voltage at which it is required to maintain the voltage V c . 
The output of the comparator 36 is fed as a control signal 
to a voltage dependent amplifier 38 which is connected 
to amplify a signal which is indicative of the supply 
voltage. The output from the amplifier 38 is fed to the 
inverting input of a second comparator 40. The non-in- 
verting input is fed with a signal V, indicative of the sup- 
ply current. This may be derived from the rectified or un- 
rectified supply, but should be from some point in the 
circuit before the inductive load 1 2. For example, a volt- 
age proportional to the rectifier current at the point X 



between the diodes 11b and 11 d could be used. Alter- 
natively, the point Y between the inductor 10a and the 
rectifier could be used. Equivalent points X and Y are 
marked on Figures 3 and 4. The output of the compara- 

s tor 40 is a control signal for the suppression switch 1 6. 
The actuating signal for the switch 16 is provided by a 
pulse width modulator 42. Thus, as the capacitor V c ex- 
ceeds a desired motor supply voltage, the comparator 
36 will produce a reducing output that decreases the 

10 gain of the amplifier 38. The overall sinusoidal shape of 
the waveform of the signal V-| indicative of the supply 
voltage is maintained, but its amplitude is reduced. The 
sinusoid is compared with the signal V|. Any variance 
between the two signals will result in a non-zero output 

15 which influences the duty cycle of the output of the pulse 
width modulator and, hence, the actuation of the sup- 
pression switch 16. 

It will be seen that the current waveform is made to 
track the voltage waveform with significantly reduced 

20 harmonics. Furthermore, the circuit of Figure 6 also 
maintains the voltage V c across the capacitor at a cor- 
rect level by means of the same pulse width modulated 
suppression switch 16. 

The circuit of Figure 6 is applicable to the embodi- 
es ments of Figures 3 and 4 of the drawings. Concerning 
Fig. 4, the high frequency ripple present on the current 
through the inductor 1 0 can be by-passed through a filter 
capacitor placed across the line and neutral terminals. 
This reduces still further the high frequency component 

30 of current flowing from the ac supply to an even lower 
level. The sinusoidal shaping of the current makes it like- 
ly that the current harmonics at multiples of the mains 
frequency can be sufficiently lowered to satisfy legisla- 
tive requirements. 

55 The duty cycle variation of the transistor 16 in Fig. 
4 is adapted to maintain the voltage across each capac- 
itor at a relatively constant desired value somewhat in 
excess of the peak ac supply voltage. This voltage con- 
trol function can still be performed even if the load im- 

40 posed on the two capacitors 18a and 18b by the 
switched reluctance motor and its switching devices is 
unequal. 

The circuit of Fig. 4 uses, in effect, two half-wave 
rectifiers of the diode/capacitor pairs 26/1 8a and 28/1 8b 

45 to charge each the capacitors 1 8a and 1 8b. Ignoring, for 
the sake of clarity, the effect of the voltage drops across 
the diodes of the bridge 24 and the switching action of 
transistor 1 6, all the charging current for the capacitors 
18a and 18b would occur at the peak of the ac voltage 

so wave resulting in many relatively strong harmonics. By 
switching the transistor 1 6 at high frequency and relying 
on the inductance of the inductor 10, the ac current can 
be shaped to be pseudo-sinusoidal as explained above. 
However, the voltages across the capacitors 18a and 

55 18b must exceed the peak supply voltage so that the 
boost converter function of the circuit can take place. 

If the loading placed on the capacitors 1 8a and 1 8b 
differs due to a very low motor speed, the duty cycles of 



5 



9 



EP 0 678 972 B1 



10 



the transistor 1 6 for the positive and negative half cycles 
can be arranged to differ so that the more heavily loaded 
capacitor can receive more charge. This is a significant 
benefit for drives which have to operate at low speed for 
other than a very short time such as acceleration of the 
motor from rest. 

If the diodes 26 and 28 are positioned as shown dot- 
ted in Fig. 4, the diode bridge 24 and transistor 1 6 of Fig. 
4 becomes a bi-directional switch operable during both 
the positive and negative half cycles of the mains cur- 
rent. Figs. 7 and 8 illustrate other forms of bi-directional 
switch that could be used. It will be apparent to the 
skilled person that others exist. 

It will also be apparent to the skilled man that vari- 
ations and modifications can be effected within the 
scope of the invention defined in the Claims. 

For example the system may include a first semi- 
conductor switching device (SSD), operating at a first 
load control frequency and drawing power from unipo- 
larity capacitor means, and a second SSD operating at 
a second, relatively higher, frequency and with a prede- 
termined duty cycle sequence and controlling current in 
an energy storage Inductor either in series with an ac 
terminal of single phase rectifier means or in series with 
a dc terminal thereof, whereby when the second SSD 
conducts, current in the energy storage inductor in- 
creases, and, when non-conducting, a proportion of the 
energy in the said inductor is transferred via diode 
means to the capacitor means to replace the power 
drawn therefrom by the load control circuit, the power 
for the rectifier means being drawn from a single-phase 
ac supply from which the ac current drawn from the ac 
supply and controlled by the second SSD is made to 
track approximately a sinusoidal waveform at the fre- 
quency of the ac supply by modulating the said duty cy- 
cle sequence during each half cycle of the ac supply. 

Preferably, the frequency of switching of the sup- 
pressor switch means or the said second SSD is be- 
tween 5kHz and 100kHz, for example between 10kHZ 
and 50kHz or 10kHz and 20kHz. It could be lower than 
5kHz (eg. 1 kHz) for certain applications. Preferably, the 
capacitance means are one or more unipolarity capac- 
itors. 

A plurality of inductive loads may share a connec- 
tion with the rectified output of the rectifier, each induc- 
tive load having current control means, the other power 
terminal of each being connected with the capacitance 
means and each having a second recirculating diode 
connected to conduct from the other power terminal of 
the suppressor switch means to a respective one end 
of its associated inductive load. 

The current control circuit may use semiconductor 
switching devices (SSD's) for the load current control 
means for the or each inductive load whereby the fre- 
quency, timing and duration of a modulated unidirection- 
al current in the or each load is controlled by an individ- 
ual SSD. The said unidirectional currents may be pro- 
vided by a unipolarity capacitor which receives its power 



under the control of a common suppression SSD from 
a single- phase ac voltage source via a diode bridge rec- 
tifier and an energy storage inductor and in which the 
common SSD switches with a higher frequency than the 
s individual control SSDs and with a duty cycle which var- 
ies during each half-cycle of the ac supply so as to mod- 
ulate the ac supply current to be approximately sinusoi- 
dal at the ac supply frequency but containing a small 
ripple component of current at the said higher frequency. 
The individual control SSDs are connected between one 
end of the capacitor and one end of the or each load 
and the other end(s)of the loads is/are connected to the 
common SSD whose other terminal is connected to the 
other end of the capacitor and in which the other end of 
the or each load is connected via a diode to the one end 
of the capacitor and the one end of the or each load is 
individually connected via diode to the other end of the 
capacitor and in which the switching of the common 
SSD alternately charges the said energy storage induc- 
tor from the ac supply when the common SSD is ON and 
allows it to discharge into the capacitor when the com- 
mon SSD is OFF so that the capacitor is maintained 
charged to a direct voltage which exceeds the peak val- 
ue of the ac supply voltage. 

The invention can employ a novel form of boost con- 
verter used to reduce the harmonic content of the single- 
phase ac supply current drawn by e.g. a bridge rectifier. 
In the particular form, two series connected unipolarity 
capacitors define a common mid-point which is the neg- 
ative terminal of one and the positive terminal of the oth- 
er. The said mid-point is connected to one ac terminal 
of the bridge rectifier and to one ac supply terminal, usu- 
ally the 'neutral 1 , and the positive terminal of the bridge 
rectifier, (or the other ac bridge rectifier terminal) is con- 
nected via a diode to the positive terminal of said one of 
the two capacitors and the negative terminal of the 
bridge rectifier (or the said other ac bridge rectifier ter- 
minal) is connected via a diode to the negative terminal 
of the said other of the capacitors. The energy storage 
inductor is connected between the other ac supply ter- 
minal, usually the 'line', and the said other ac bridge rec- 
tifier terminal, semiconductor switching device (SSD) is 
connected across the dc terminals of the bridge rectifier 
sothat, when it conducts, current in the inductor increas- 
es and when it is non-conducting the inductor releases 
energy to the two capacitors alternately, charging the 
one capacitor when the said other ac supply terminal is 
positive with respect to the said one ac supply terminal, 
and charging the other capacitor when the said other ac 
supply terminal is negative with respect to the said one 
ac supply terminal. The SSD switches at a frequency of 
at least 100 times the frequency of the ac supply and 
with a duty cycle which is modulated during each half 
cycle of the ac supply so as to reduce the harmonic con- 
tent of the current drawn from the ac supply and simul- 
taneously to maintain a voltage across each capacitor 
at a value which exceeds the peak value of the ac supply 
voltage in spite of the fact that the load current drawn 
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2. A system as claimed in claim 1 in which the desired 
waveform is derived from the ac input voltage. 

3. A system as claimed in claim 1 or 2 in which the 
5 inductor is connected to the input or the output of 

the rectifier. 

4. A system as claimed in claim 1 , 2 or 3 in which the 
control means comprise control switch means (14) 

10 which are connectable to one end of the load, in 
which the suppressor switch means are connecta- 
ble to the other end of the load, and in which the 
voltage booster further includes a flyback diode (20) 
connected to conduct the rectified output of the rec- 

15 tifier to the dc link capacitor when the suppressor 
switch means are open circuit. 

5. A system as claimed in any of claims 1 to 4 in which 
the actuating means include a modulator (42) oper- 

20 able to produce an actuating signal for actuating the 
suppressor switch means in response to the said 
deviation. 

6. A system as claimed in claim 5 in which the modu- 
le lator is a pulse width modulator (42). 

7. A system as claimed in any of claims 1 to 6 in which 
the sensing means include a comparator arranged 
to receive a first input derived from the ac input cur- 

30 rent and a second input of the desired waveform. 

8. A system as claimed in any of claims 1 to 7, includ- 
ing monitoring means for providing a capacitor sig- 
nal indicative of the magnitude of the voltage across 

55 the dc link capacitor and means (36) responsive to 
the capacitor signal for adjusting the amplitude of 
the desired waveform, thereby to maintain the dc 
link capacitor voltage at a predetermined level. 

40 9. A system as claimed in any of claims 1 to 8 in which 
the rectifier is a diode bridge rectifier (11). 



from the positive terminal of the first capacitor and re- 
turned to the said mid-point may differ from the load cur- 
rent drawn from the mid-point and returned to the neg- 
ative terminal of the other capacitor. 

In a variant on this form of the invention, the energy 
storage inductor(s), can take the form of two windings 
on the same magnetic core or two windings each on its 
own magnetic core, in which the position of the first said 
winding is in series between the positive dc terminal of 
the bridge rectifier and one terminal of the semiconduc- 
tor switching device (SSD) and a diode is connected be- 
tween the common point between the SSD and the end 
of the first winding connected to it and the positive ter- 
minal of one capacitor. The position of the second said 
winding is in series between the negative dc terminal of 
the bridge rectifier and the other terminal of the SSD, 
and a diode is connected between the common point 
between the SSD and the end of the second winding 
connected to it, and the negative terminal of the other 
capacitor. 

This form of the invention and its variants are par- 
ticularly applicable to loads which take the form of an 
even number of windings of a switched reluctance motor 
where one end of each winding is connected to the mid- 
point between the two series capacitors, and the remote 
end of each alternate winding is connected via an SSD 
to the positive terminal of one capacitor and via a diode 
to the negative terminal of the other capacitor, and the 
remote end of each remaining winding is connected via 
an SSD to the negative terminal of the other capacitor 
and via a diode to the positive terminal of the one ca- 
pacitor. 

Claims 

1. A unidirectional current (dc) control system for an 
inductive load (12), the system comprising: a recti- 
fier (11 ), having an alternating current (ac) input (U 
N) and a rectified output; a dc link capacitor (18); 
control means (14) arranged to control the current 
supply to the load from the capacitor; and a voltage 
booster including an inductor (10a/10b) arranged in 
the path of the current from the ac input, and sup- 
pressor switch means (16) arranged to control the 
supply of current to the dc link capacitor from the 
rectifier; characterised by sensing means (40) for 
sensing deviation of the ac input current from a de- 
sired waveform and being operable to produce an 
output indicative of the deviation; and actuating 
means (42) responsive to the deviation for actuating 
the suppressor switch means of the voltage booster 
to compensate for the deviation to maintain the cur- 
rent at the ac input substantially following the de- 
sired waveform to suppress harmonics at the ac in- 
put, and to charge the capacitor to a voltage in ex- 
cess of a peak value at the ac input. 



10. A system as claimed in any of claims 1 to 9 in which 
the inductor of the voltage boost converter is con- 

45 nected between the dc output of the rectifier and a 
terminal of the suppressor switch means connect- 
able to the load. 

11. A system as claimed in any of claims 1 to 10 in which 
50 the inductor is serially connected to the ac input of 

the rectifier. 

12. A method of suppressing harmonics in the control 
of an inductive load (12) supplied from an alternat- 
es ing current (ac) supply using a unidirectional current 

control circuit comprising: first and second switch 
means (14/16), each switch means having first and 
second power terminals, the second power terminal 
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of the first switch means being connected with one 
end of the load and the first power terminal of the 
second switch means being connected with the oth- 
er end of the load; unipolarity capacitance means 
(18) connected across the first power terminal of the 
first switch means and the second power terminal 
of the second switch means; first diode means (20) 
connected to conduct from the first power terminal 
of the second switch means to the first power ter- 
minal of the first switch means; second diode 
means (22) connected to conduct from the second 
power terminal of the second switch means to the 
second power terminal of the first switch means; 
and a rectifier arrangement (11) having a unidirec- 
tional current output and including rectifier means, 
having ac input terminals (L/N) and dc output termi- 
nals, and an energy storage inductor (1 0a/1 Ob) con- 
nected in series with one of the terminals of the rec- 
tifier means, the unidirectional current output of the 
rectifier arrangement being connected across the 
power terminals of the second switch means, the 
method comprising: 

a) rectifying the ac supply into a unidirectional 
supply; 

b) controlling the supply of current to the load 
from the capacitance means by actuating the 
first switch means; and 

c) charging the capacitance means to a voltage 
in excess of the peak value of a voltage at the 
ac input terminals of the rectifier by actuating 
the second switch means; characterised by 

d) comparing the ac supply current waveform 
with a reference waveform; and 

e) controlling actuation of the second switch 
means to suppress the higher harmonic com- 
ponents of the current drawn at the ac input ter- 
minals. 

13. A method as claimed in claim 9, including control- 
ling actuation of the second switch means by regu- 
lating the frequency of the switching. 

14. A method as claimed in claim 10 or 11, including 
controlling actuation of the second switch means by 
regulating the switching duty cycle to suppress the 
higher harmonic components of the current drawn 
at the ac input terminals. 

15. A method as claimed in claims 9, 1 0 or 1 1 , including 
controlling a supply of current to the load by actu- 
ating the first switch means substantially independ- 
ently of actuation of the second switch means. 

16. A method as claimed in claim 9, 10, 11 or 12 in which 
a signal indicative of the voltage across the capac- 
itor is compared with a desired reference level and 
the comparison is used to influence switching of the 



second switch means to maintain the capacitor volt- 
age substantially at a desired reference voltage. 



5 Patentanspriiche 

1 . Gleichstromsteuerungsvorrichtung fur eine indukti- 
ve Last (12), die umfaRt: einen Gleichrichter (11), 
der einen Wechselstromeingang (L/N) und einen 

10 gleichgerichteten Ausgang aufweist; einen Gleich- 
strom-Verbindungskondensator (18); Steuerungs- 
einrichtungen (14), die zur Steuerung der Stromver- 
sorgung fur die Last von dem Kondensator ange- 
ordnet sind; und einen Spannungserhoher, der ei- 

15 nen Induktor (10a/10b) umfaRt, der in dem Wegdes 
Stroms von dem Wechselstromeingang angeord- 
net ist, und Dampfungsschalteinrichtungen (16), 
die zur Steuerung der Stromversorgung fur den 
Gleichstrom-Verbindungskondensator von dem 

20 Gleichrichter angeordnet sind; gekennzeichnet 
durch Sensoreinrichtungen (40) zum Feststellen 
von Abweichungen des Wechselstromeingangs- 
stroms von einer erwunschten Wellenform, wobei 
die Sensoreinrichtungen dazu betrieben werden 

25 konnen, ein Ausgangssignal zu erzeugen, das die 
Abweichung anzeigt; und Ausloseeinrichtungen 
(42) zum Auslosen der Dampfungsschalteinrich- 
tung des Spannungserhohers in Antwort auf die Ab- 
weichung, urn die Abweichung zu kompensieren, 

30 urn den Strom am Wechselstromeingang so zu er- 
halten, daB er im wesentlichen der erwunschten 
Wellenform folgt, urn Oberschwingungen am 
Wechselstromeingang zu dampfen, und urn den 
Kondensator mit einer Spannung groGer als den 

55 Spitzenwert am Wechselstromeingang aufzuladen. 

2. Vorrichtung nach Anspruch 1 , bei der die erwunsch- 
te Wellenform aus der Wechselstromeingangs- 
spannung hergeleitet wird. 

40 

3. Vorrichtung nach Anspruch 1 oder 2, bei der der In- 
duktor mit dem Eingang oder dem Ausgang des 
Gleichrichters verbunden ist. 

45 4. Vorrichtung nach Anspruch 1 , 2 oder 3, bei der die 
Steuerungseinrichtungen Steuerungsschaltein- 
richtungen (14) umfassen, die mit einem Ende der 
Last verbunden werden konnen, bei der die Damp- 
fungsschalteinrichtungen mit dem anderen Ende 

50 der Last verbunden werden konnen, und bei der der 
Spannungserhoher ferner eine Ruchlaufdiode (20) 
umfaGt, die angeschlossen ist, urn das gleichge- 
richtete Ausgangssignal des Gleichrichters zum 
Gleichstrom-Verbindungskondensator zu leiten, 

55 wenn die Dampfungseinrichtungen unterbrochen 
sind. 

5. Vorrichtung nach einem der Anspruche 1 bis 4, bei 
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der die Ausloseeinrichtungen einen Modulator (42) 
umfassen, der betrieben werden kann, um ein Aus- 
losesignal zum Auslosen der Dampfungsschaltein- 
richtungen in Antwort auf die Abweichung zu erzeu- 
gen. 5 

6. Vorrichtung nach Anspruch 5, bei der der Modulator 
ein Pulsbreitenmodulator ist (42). 

7. Vorrichtung nach einem der Anspruche 1 bis 6, bei to 
der die Sensoreinrichtungen einen Komparator um- 
fassen, der angeordnet ist, um ein erstes Eingangs- 
signal, das aus dem Wechselstromeingangsstrom 
hergeleitet ist, und ein zweites Eingangssignal mit 
der erwunschten Wellenform zu erhalten. is 

8. Vorrichtung nach einem der Anspruche 1 bis 7, die 
umfaBt: Uberwachungseinrichtungen, um ein Kon- 
densatorsignal bereitzustellen, das die GroBe der 
Spannung uber dem Gleichstrom-Verbindungskon- 20 
densator anzeigt, und Einrichtungen (36) zum Ein- 
stellen der Amplitude der erwunschten Wellenform 

in Antwort auf das Kondensatorsignal, um dadurch 
die Spannung des Gleichstrom-Verbindungskon- 
densators auf einem vorbestimmten Niveau zu hal- 25 
ten. 

9. Vorrichtung nach einem der Anspruche 1 bis 8, bei 
der der Gleichrichter ein Diodenbruckengleichrich- 

ter (11) ist. 30 

10. Vorrichtung nach einem der Anspruche 1 bis 9, bei 
der die Induktionsspule des Spannungszusatz- 
wandlers zwischen dem Gleichstromausgang des 
Gleichrichters und einem anschluB der Dampfungs- 35 
schalteinrichtungen, die mit der Last verbunden 
werden konnen, geschaltet ist. 



ersten SpannungsanschluB der zweiten Schaltein- 
richtung zu dem ersten SpannungsanschluB der er- 
sten Schalteinrichtung zu leiten; zweite Diodenein- 
richtungen (22), die geschaltet sind, um von dem 
zweiten SpannungsanschluB der zweiten Schalt- 
einrichtung zum zweiten SpannungsanschluB der 
ersten Schalteinrichtung zu leiten; und eine Gleich- 
richteranordnung (11), die einen Gleichstromaus- 
gang aufweist und Gleichrichtereinrichtungen um- 
faBt, die Wechselstromeingangsanschlusse (L/N) 
und Gleichstromausgangsanschlusse aufweist so- 
wie einen Energiespeicher-lnduktor (10a/10b), in 
Reihe geschaltet mit einem der Anschlusse der 
Gleichrichtereinrichtungen, wobei der Gleichstrom- 
ausgang der Gleichrichteranordnung uber die 
Spannungsanschlusse der zweiten Schalteinrich- 
tung verbunden sind, wobei das Verfahren umfaBt: 

a) Gleichrichten der Wechselstromversorgung 
in eine Gleichstromversorgung; 

b) Steuern der Stromversorgung fur die Last 
von den Kondensatoreinrichtungen durch Aus- 
losen der ersten Schalteinrichtung; und 

c) Aufladen der Kapazitatseinrichtungen mit ei- 
ner Spannung uber dem Spitzenwert einer 
Spannung an den Wechselstromeingangsan- 
schlussen des Gleichrichters durch Auslosen 
der zweiten Schalteinrichtung; gekennzeich- 
net durch 

d) Vergleichen der Wellenform des Wechsel- 
stromversorgungsstroms mit einer Referenz- 
wellenform; und 

e) Steuern des Auslosens der zweiten Schalt- 
einrichtung, um die hoheren Oberschwin- 
gungsanteile des Stroms zu dampfen, der an 
den Wechselstromeingangsanschlussen an- 
liegt. 



11. Vorrichtung nach einem der Anspruche 1 bis 10, bei 
der Induktor in Reihe mit dem Wechselspannungs- 40 
eingang des Gleichrichters geschaltet ist. 

12. Verfahren zur Dampfung von Oberschwingungen 
bei der Steuerung einer induktiven Last (12), die 
von einer Wechselstromzufuhr gespeist wird, das 45 
einen Gleichstromsteuerschaltkreis benutzt, wel- 
cher umfaBt: erste und zweite Schalteinrichtungen 
(14/16), wobei jede Schalteinrichtung erste und 
zweite Spannungsanschlusse aufweist, der zweite 
SpannungsanschluB der ersten Schalteinrichtung so 
mit einem Ende der Last und der erste Spannungs- 
anschluB der zweiten Schalteinrichtung mit dem 
anderen Ende der Last verbunden ist; gleichpolige 
Kapazitatseinrichtungen (18), die uber den ersten 
SpannungsanschluB der ersten Schalteinrichtung 55 
und dem zweiten SpannungsanschluB der zweiten 
Schalteinrichtung geschaltet sind; erste Diodenein- 
richtungen (20), die geschaltet sind, um von dem 



13. Verfahren nach Anspruch 9, das eine Steuerung 
des Auslosens der zweiten Schalteinrichtung durch 
die Regelung der Schaltfrequenz umfaBt. 

14. Verfahren nach Anspruch 10 oder 11, das eine 
Steuerung des Auslosens der zweiten Schaltein- 
richtung durch die Regelung des Schaltungsbe- 
triebszyklus umfaBt, um die hoheren Oberschwin- 
gungen des Stroms zu dampfen, der an den Wech- 
selstromeingangsanschlussen anliegt. 

15. Verfahren nach den Anspruchen 9, 10 oder 11, das 
eine Steuerung einer Stromversorgung fur die Last 
durch das Auflosen der ersten Schalteinrichtung im 
wesentlichen unabhangig vom Auslosen der zwei- 
ten Schalteinrichtung umfaBt. 

16. Verfahren nach Anspruch 9, 10, 11 oder 12, bei dem 
ein Signal, das die Spannung uber dem Kondensa- 
tor anzeigt, mit einem erwunschten Referenzniveau 
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verglichen wird und der Vergleich benutzt wird, um 
das Schalten der zweiten Schalteinrichtung zu be- 
einflussen, um die Kondensatorspannung im we- 
sentlichen auf einer erwunschten Referenzspan- 
nung zu halten. 



Revendications 

1. Systeme de controle de courant (continu) unidirec- 
tionnel pour une charge inductive (12), le systeme 
comprenant : un redresseur (11), comportant une 
entree (L/N) de courant alternatif (ac) et une sortie 
redressee ; un condensateur de liaison pour cou- 
rant continu (18); des moyens de controle (14) 
agences de maniere a controler I'alimentation en 
courant de la charge a partir du condensateur ; et 
un dispositif d'amplification de tension comprenant 
une inductance (10a/10b) agence dans le chemin 
du courant a partir de I'entree de courant alternatif, 
et des moyens de commutation de dispositif de sup- 
pression (16) agences de maniere a controler I'ali- 
mentation en courant vers le condensateur de 
liaison pour courant continu a partir du redresseur ; 
caracterise par des moyens de detection (40) des- 
tines a detecter la deviation du courant alternatif 
d'entree par rapport a une forme d'onde souhaitee 
et capable de fonctionner de maniere a produire 
une sortie indicative de la deviation ; et des moyens 
d'actionnement (42) sensibles a la deviation pour 
actionner les moyens de commutation de dispositif 
de suppression du dispositif d'amplification de ten- 
sion pour compenser la deviation afin de maintenir 
le courant alternatif a I'entree suivant sensiblement 
la forme d'onde souhaitee afin de supprimer les har- 
moniques a I'entree de courant alternatif et pour 
charger le condensateur a une tension depassant 
une valeur de crete a I'entree de courant alternatif. 

2. Systeme selon la revendication 1, dans lequel la 
forme d'onde souhaitee est deduite de la tension 
d'entree de courant alternatif. 

3. Systeme selon la revendication 1 ou 2, dans lequel 
I'inductance est connectee a I'entree ou a la sortie 
du redresseur. 



moyens de commutation de dispositif de suppres- 
sion sont en circuit ouvert. 

5. Systeme selon I'une quelconque des revendica- 
5 tions 1 a 4, dans lequel les moyens d'actionnement 

comprennent un modulateur (42) susceptible de 
fonctionner pour produire un signal d'actionnement 
pour actionner les moyens de commutation de dis- 
positif de suppression en reponse a ladite deviation. 

10 

6. Systeme selon la revendication 5, dans lequel le 
modulateur est un modulateur de duree d'impulsion 
(42). 

15 7. Systeme selon I'une quelconque des revendica- 
tions 1 a 6, dans lequel les moyens de detection 
comprennent un comparateur agence de maniere 
a recevoir une premiere entree deduite du courant 
d'entree de courant alternatif et une seconde entree 

20 de la forme d'onde souhaitee. 

8. Systeme selon I'une quelconque des revendica- 
tions 1 a 7, comprenant des moyens de controle 
pour fournir un signal de condensateur indicatif de 

25 I'amplitude de la tension aux bornes du condensa- 
teur de liaison continu et des moyens (36) sensibles 
au signal de condensateur pour ajuster I'amplitude 
de la forme d'onde souhaitee, pour de ce fait main- 
tenir la tension du condensateur de liaison continu 
30 a un niveau predetermine. 

9. Systeme selon I'une quelconque des revendica- 
tions 1 a 8, dans lequel le redresseur est un redres- 
seur a pont de diodes (11). 

35 

10. Systeme selon I'une quelconque des revendica- 
tions 1 a 9, dans lequel I'inductance du convertis- 
seur a amplification de tension est connectee entre 
la sortie continue du redresseur et une borne des 

40 moyens de commutation de dispositif de suppres- 
sion susceptibles d'etre connectes a la charge. 

11. Systeme selon I'une quelconque des revendica- 
tions 1 a 10, dans lequel I'inductance est connectee 

45 en serie a I'entree de courant alternatif du redres- 
seur. 
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4. Systeme selon la revendication 1 , 2 ou 3, dans le- 
quel les moyens de controle comprennent des 
moyens de commutation de controle (14) pouvant 50 
etre connectes a une extremite de la charge, dans 
lequel les moyens de commutation de dispositif de 
suppression peuvent etre connectes a I'autre extre- 
mite de la charge et dans lequel le dispositif d'am- 
plification de tension comprend, de plus, une diode 55 
"flyback" (20) connectee de maniere a conduire la 
sortie redressee du redresseur vers le condensa- 
teur de liaison pour courant continu lorsque les 



12. Procede pour supprimer les harmoniques dans le 
controle d'une charge inductive (1 2) delivree a partir 
d'une alimentation en courant alternatif, utilisant un 
circuit de controle de courant unidirectionnel 
comprenant : des premiers et seconds moyens de 
commutation (14/16), chacun des moyens de com- 
mutation comportant des premiere et seconde bor- 
nes de puissance, la seconde borne de puissance 
des premiers moyens de commutation etant con- 
nectee a une extremite de la charge et la premiere 
borne de puissance des seconds moyens de com- 
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mutation etant connectee a I'autre extremite de la 
charge ; des moyens formant capacitance unipolai- 
re (18) connectes entre la premiere borne de puis- 
sance des premiers moyens de commutation et la 
seconde borne de puissance des seconds moyens 5 
de commutation ; des premiers moyens formant 
diode (20) connectes de maniere a conduire entre 
la premiere borne de puissance des seconds 
moyens de commutation et la premiere borne de 
puissance des premiers moyens de commutation ; to 
des seconds moyens formant diode (22) connectes 
de maniere a conduire entre la seconde borne de 
puissance des seconds moyens de commutation et 
la seconde borne de puissance des premiers 
moyens de commutation ; et un agencement de re- is 
dresseur (1 1 ) comportant une sortie de courant uni- 
directionnel et comprenant des moyens formant re- 
dresseur, ayant des bornes d'entree de courant al- 
ternatif (UN) et des bornes de sortie continue et une 
inductance de stockage d'energie (10a/10b) con- 20 
nectee en serie avec une des bornes des moyens 
formant redresseur, la sortie de courant unidirec- 
tionnel de I'agencement de redresseur etant con- 
nectee entre les bornes de puissance des seconds 
moyens de commutation, le procede comprenant 25 
les etapes consistant a : 

a) redresser I'alimentation de courant alternatif 
en une alimentation unidirectionnelle ; 

b) controler I'alimentation en courant de la char- 30 
ge a partir des moyens formant condensateur 

en actionnant les premiers moyens de 
commutation ; et 

c) charger les moyens formant capacitance a 
une tension depassant la valeur de crete d'une 35 
tension aux bornes d'entree de courant alter- 
natif du redresseur en actionnant les seconds 
moyens de commutation ; caracterise par les 
etapes consistant a : 

d) comparer la forme d'onde de courant alter- 40 
natif d'alimentation a une forme d'onde de 
reference ; et 

e) controler I'actionnement des seconds 
moyens de commutation afin de supprimer les 
composantes d'harmoniques superieures du 45 
courant pris aux bornes d'entree de courant al- 
ternatif. 

13. Procede selon la revendication 9, comprenant le 
controle de I'actionnement des seconds moyens de so 
commutation par la regulation de la frequence de la 
commutation. 

14. Procede selon la revendication 10 ou 11, compre- 
nant le controle de I'actionnement des seconds 55 
moyens de commutation par la regulation du cycle 

de fonctionnement de commutation afin de suppri- 
mer les composantes d'harmoniques superieures 



du courant pris aux bornes d'entree de courant al- 
ternatif. 

1 5. Procede selon les revendications 9, 1 0 ou 1 1 , com- 
prenant le controle d'une alimentation en courant 
de la charge en actionnant les premiers moyens de 
commutation sensiblement independamment de 
I'actionnement des seconds moyens de commuta- 
tion. 

1 6. Procede selon la revendication 9, 1 0, 1 1 ou 1 2, dans 
lequel un signal indicatif d'une tension aux bornes 
du condensateur est compare a un niveau de refe- 
rence souhaite et la comparaison est utilisee pour 
influencer la commutation des seconds moyens de 
commutation afin de maintenir la tension du con- 
densateur sensiblement a une tension de reference 
souhaitee. 
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